Objective To determine whether outcomes of resuscitation with albumin or saline in the intensive care unit depend on patients' baseline serum albumin concentration. Design Analysis of data from a double blind, randomised controlled trial. Setting Intensive care units of 16 hospitals in Australia and New Zealand. Participants 6045 participants in the saline versus albumin fluid evaluation (SAFE) study. Interventions Fluid resuscitation with 4% albumin or saline in patients with a baseline serum albumin concentration of 25 g/l or less or more than 25 g/l. Main outcome measures Primary outcome was all cause mortality at 28 days. Secondary outcomes were length of stay in the intensive care unit, length of stay in hospital, duration of renal replacement therapy, and duration of mechanical ventilation.
Introduction
Intravenous fluid is fundamental to the management of patients in intensive care units. The two broad categories of fluid available are colloids and crystalloids. Among colloids, human albumin is unique in being a major human plasma protein that has important physiological roles. [1] [2] [3] [4] As hypoalbuminaemia is common in acute illness and is associated with an increased risk of death, 5 the use of albumin to simultaneously treat hypoalbuminaemia and to increase intravascular volume seems intuitively attractive. A meta-analysis by the 1998 Cochrane Albumin Reviewers, however, suggested that giving albumin to critically ill patients for the treatment of both hypovolaemia and hypoalbuminaemia increased the risk of mortality. 6 Subsequently the saline versus albumin fluid evaluation (SAFE) study reported no important difference in the overall risk of death for adults given albumin or saline for intravascular fluid resuscitation in intensive care units. 7 8 In an updated meta-analysis incorporating data from the saline versus albumin fluid evaluation study, the Cochrane Injuries Group Albumin Reviewers concluded that there is no evidence that albumin reduces the risk of mortality in critically ill patients but a suggestion that it may increase the risk of death in patients with hypoalbuminaemia and burns. 9 Thus while the saline versus albumin fluid evaluation study provides greater certainty over the effect of resuscitation with albumin or saline in a heterogeneous population of patients in intensive care units, effects in more selected populations of critically ill patients remain unknown. Using data from the saline versus albumin fluid evaluation study, we determined whether outcomes are influenced by baseline serum albumin concentration and whether either fluid can be recommended on the basis of patients' baseline serum albumin concentration.
Methods
Details of the saline versus albumin fluid evaluation study have been published elsewhere. 7 8 The double blind, randomised controlled trial was carried out in the multidisciplinary intensive care units of 16 hospitals in Australia and New Zealand between November 2001 and June 2003.
Eligible adults were randomly assigned to receive either 4% albumin (Albumex; CSL, Melbourne, Australia) or normal saline for all fluid resuscitation in the intensive care unit until death, discharge, or 28 days after randomisation. Patients were excluded who had been admitted to the intensive care unit after cardiac surgery or liver transplantation or for the treatment of burns.
The primary outcome was all cause mortality within 28 days of randomisation. Secondary outcomes were length of stay in the intensive care unit, length of stay in hospital, duration of mechanical ventilation, and duration of renal replacement therapy.
Statistical analysis
We used 2 tests for categorical variables and t tests or analysis of variance for continuous variables to assess the association of baseline variables, including baseline albumin concentration, with mortality at 28 days. Baseline covariates were then fitted to logistic regression models to determine those independently associated with mortality.
We examined baseline albumin concentration as a binary variable using a predetermined cut-off ( ≤ 25 g/l or > 25 g/l), and as a continuous variable. We assessed the effect of treatment allocation and baseline albumin concentration on 28 day mortality using logistic regression; we used the interaction between baseline albumin concentration and treatment assignment to examine whether the risk of death for those assigned to albumin compared with those assigned to saline was consistent between different baseline albumin concentrations. Initially we carried out the logistic regression without adjustment for other baseline risk factors; then adjusted for those covariates significant at the P < 0.10 level. We excluded central venous pressure and urine output owing to missing values (3136 for central venous pressure and 871 for urine output). We also examined the heterogeneity of treatment effect on the secondary outcomes of the saline versus albumin fluid evaluation study.
Results
The treatment groups had similar baseline characteristics, published previously. 8 Data on baseline serum albumin concentration were available for 6045 patients, 3014 of those assigned to albumin and 3031 assigned to saline. No difference was found in the distribution of baseline serum albumin concentration by treatment group (P = 0.76).
The distribution of baseline characteristics within each stratum of baseline albumin concentration ( ≤ 25 g/l or > 25 g/l) was similar in those assigned to albumin and those assigned to saline (table 1) .
Overall 2451 (40.5%) patients had a baseline serum albumin concentration of 25 g/l or less (1228 patients (50.1%) in the albumin group and 1223 patients (49.9%) in the saline group). Compared with patients with a baseline serum albumin concentration of more than 25 g/l (n = 3594), those with a concentration of 25 g/l or less were older and were more likely to be admitted to the intensive care unit after surgery, more likely to have severe sepsis or acute respiratory distress syndrome, and less likely to have had traumatic brain injury. Severity of illness, as assessed by the acute physiology and chronic health evaluation II score, 10 was similar in patients with a baseline serum albumin concentration of 25 g/l or less or more than 25 g/l (table 2).
The primary outcome measure (mortality at 28 days) and baseline serum albumin concentration were available for 6040 (99.9%) patients.
Baseline serum albumin concentration as both a binary and a continuous variable was independently associated with mortality. Other baseline factors independently associated with mortality were age, reason for admission to the intensive care unit, acute physiology and chronic health evaluation II score, liver and cardiovascular components of the sequential organ failure assessment score, 11 mechanical ventilation at baseline, and heart rate (P < 0.10).
After adjusting for baseline risk factors for death, a baseline serum albumin concentration of 25 g/l or less was independently associated with risk of death (odds ratio 1.30, 95% confidence interval 1.16 to 1.51, P = 0.0009). The findings were similar (table 3) when baseline serum albumin concentration was treated as a continuous variable (odds per 1 g/l decrease in baseline serum albumin concentration 1.02, 95% confidence interval 1.01 to 1.03, P < 0.0001).
Patients assigned to albumin had a higher mean serum albumin concentration during the first seven days after randomisation ( fig 1) . This difference was apparent for patients with a baseline serum albumin concentration of 25 g/l or less or more than 25 g/l (P < 0.0001 for both). On average, patients assigned to albumin received a lower daily volume of resuscitation fluid than patients assigned to saline (table 4).
Patient outcomes
Among patients with a serum albumin concentration of 25 g/l or less, deaths occurred in 291 (23.7%) assigned to albumin and 321 (26.2%) assigned to saline (odds ratio 0.87, 95% confidence interval 0.73 to 1.05, P = 0.14). In patients with a serum albumin concentration of more than 25 g/l, deaths occurred in 353 (19.8%) assigned to albumin and 334 (18.5%) assigned to saline (odds ratio 1.09, 95% confidence interval 0.92 to 1.28, P = 0.33; fig 2 and table 5 ). The ratio of the odds ratios for patients with a baseline serum albumin concentration of 25 g/l or less and of more than 25 g/l was 0.80 (95% confidence interval 0.63 to 1.02). After adjustment for baseline risk factors for death (table 3), the odds ratios for death of patients with a baseline serum albumin concentration of 25 g/l or less and more than 25 g/l given albumin compared with saline were 0.84 and 1.15, respectively (ratio of odds ratios 0.73, 95% confidence interval 0.55 to 0.97). The P 
Discussion
Our study does not provide evidence that the effect of resuscitation with albumin compared with saline in the intensive care unit is different in patients with different baseline serum albumin concentrations. Nor does it provide evidence to support the suggestion that albumin increases the risk of mortality in patients with hypoalbuminaemia. When the odds ratios for death was compared in patients with a baseline serum albumin concentration of 25 g/l or less or of more than 25 g/l we found only limited evidence that treatment effects were different and this only after correction for other baseline risk factors. When we considered the effect of baseline serum albumin concentration as a continuous variable across the spectrum of albumin concentrations, baseline concentration had no impact on the treatment effect even after correction for other baseline risk factors. Taken together these results suggest that albumin and saline produce similar treatment effects across the range of albumin concentrations observed in our study.
A recent meta-analysis assessed the effect of resuscitation with albumin or other fluids on outcomes other than mortality. The authors included 71 trials, which randomised 3782 acutely ill adults, children, and neonatal patients and concluded that albumin significantly reduced overall morbidity. 12 This contrasts with the findings of the saline versus albumin fluid evaluation study in which there were no significant differences in morbidity in patients resuscitated with either albumin or saline. 8 In the current analysis we found no interaction between baseline serum albumin concentration and choice of resuscitation fluid for length of stay in the intensive care unit, duration of renal replacement therapy, or duration of mechanical ventilation. We found borderline evidence of an interaction for length of hospital stay; patients with a baseline serum albumin concentration more than 25 g/l who were resuscitated with albumin had a shorter hospital stay (mean difference 0.6 days). In the absence of any other significant heterogeneity, we interpret this as a chance finding.
The strengths of our study are the size and methodological strengths of the saline versus albumin fluid evaluation study, a double blind randomised controlled trial that has been recognised as a high quality landmark study and which contributed 82.8% of the data for the latest Cochrane meta-analysis. 9 13 The limitations are the inherent weaknesses of subgroup analyses and that the saline versus albumin fluid evaluation study was not primarily designed to determine the effect of treating hypoalbuminaemia with albumin. In the saline versus albumin fluid evaluation study, patients received the amount of fluid the treating clinician thought necessary to restore or maintain intravascular volume, and albumin was not given to achieve or maintain a particular serum albumin concentration. Patients assigned Research BMJ Online First bmj.com to albumin maintained higher serum albumin concentrations but this was not associated with clear benefit. Administering albumin to achieve and maintain a greater increase in serum albumin concentration, for instance to more than 30 g/l, has been advocated 4 ; whether this would improve patients outcomes requires an appropriately designed trial. Although recognising the limitations of our analysis, the 2004 Cochrane review reported only 637 patients and 86 deaths from 10 trials of patients treated for hypoalbuminaemia; six trials (451 patients) were in adults. 9 Of the 6997 adults in the saline versus albumin fluid evaluation study, 2451 had a recorded baseline serum albumin concentration of 25 g/l or less of whom 612 died. Our analysis provides most of the available data on the effect of albumin administration to adults with hypoalbuminaemia in an intensive care unit, and so may provide a more reliable estimate of the treatment effect of albumin than the data on which the 2004 Cochrane review is based.
In conclusion, resuscitation with albumin and saline in the intensive care unit produces similar patient outcomes irrespective of patients' baseline serum albumin concentrations. Although albumin does not increase the risk of mortality, evidence is insufficient to support the routine use of albumin to maintain or increase intravascular volume in adults with hypoalbuminaemia in intensive care units. Whether administering albumin to adults in intensive care units to maintain a particular serum albumin concentration would be beneficial could only be answered by an appropriately designed trial. Our 
What is already known on this topic
Administering albumin may increase the risk of death in critically ill patients with hypoalbuminaemia
What this study adds
Irrespective of patients' baseline serum albumin concentration, fluid resuscitation with albumin or saline produced similar outcomes 
